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1 Introduction
In the RAN#68 plenary meeting, a work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved [1]. One of the main objectives of the work item is to specify CSI-RS for 12 and 16 antenna ports. In this contribution we provide our preference on the design of such CSI-RS signals.
2 Discussion
CSI-RS was introduced for LTE-A in Rel-10 to support channel measurements for CSI feedback. The maximum number of supported CSI-RS antenna ports in Rel-10 was limited to 8. With the introduction of FD-MIMO systems using non-precoded CSI-RS beamforming schemes, the number of CSI-RS antenna ports should be further extended beyond 8. More specifically, in accordance to the WID, support of 12 and 16 CSI-RS antenna ports should be defined in Rel-13. 
In order to maintain similar channel estimation performance per CSI-RS antenna port, the key design principles of Rel-10 CSI-RS should be reused. More specifically, the density of the CSI-RS should be kept as 1 RE per PRB pair for each CSI-RS antenna port. Further reduction of the CSI-RS density should not be considered, given that in Rel-10 studies density of 1 RE was assumed as lower bound. Further reduction of the CSI-RS would affect the channel estimation performance especially in frequency selective channels that could offset the benefits of non-precoded CSI-RS beamforming schemes. 
Another aspect of the CSI-RS design is the resource elements used for the additional CSI-RS antenna ports. With the density of 1 RE per CSI-RS antenna port, the existing CSI-RS resource elements in a subframe could provide support up to a maximum of 40 antenna ports. Given that the Rel-13 design targets 12 and 16 antenna ports only, the introduction of additional resource elements for Rel-13 CSI-RS is not strongly justified. Keeping the Rel-10 resource elements for Rel-13 CSI-RS has also a benefit of better support of the legacy UEs. More specifically, in the presence of Rel-13 CSI-RS, the PDSCH transmission for such UEs can be achieved without PDSCH puncturing by configuring Rel-10 or Rel-11 ZP CSI-RS on the corresponding resource elements. 

Another aspect of the CSI-RS design is multiplexing of the CSI-RS antenna ports. In Rel-10 all CSI-RS antenna ports are transmitted on two adjacent OFDM symbols of one subframe. The multiplexing of CSI-RS ports in those two OFDM symbols was achieved by combination of CDM and FDM multiplexing. CDM multiplexing was introduced to avoid CSI-RS power boosting above 6 dB and applied for each CSI-RS antenna port pair. FDM multiplexing is used every two CSI-RS antenna port pairs. Considering that FDM multiplexing of the additional CSI-RS antenna ports would exceed the 6 dB power boosting constraint and CDM multiplexing with longer codes may not be efficient in time and frequency selective channels, TMD multiplexing of the CSI-RS antenna ports should be considered. More specifically, the CSI-RS antenna ports of CSI-RS resource with more than 8 antenna ports can be transmitted on different OFDM symbols. We note that TDM spreading of the antenna ports of one CSI-RS resource should be also limited. Due to the presence of phase noise and residual frequency offsets, the phase drift in time domain may potentially impact the channel estimation performance between antennas when the corresponding CSI-RS antenna ports are transmitted on different OFDM symbols. Therefore, multiplexing of CSI-RS for Rel-13 should be considered within a single subframe only. 
To indicate the CSI-RS resource elements within a single subframe, signalling of the additional resourceConfig-r13 for CSI-RS-ConfigNZP information element may be considered. We note that the signalling should be flexible enough to provide optimal assignment of the CSI-RS patterns corresponding to different number of antenna ports. Such flexibility would be needed to support CSI-RS measurement using one CSI-RS resource for the UEs with different capability of supporting the maximum number of the CSI-RS antenna ports (e.g. 8, 12, 16, etc.).
Finally, the CSI-RS antenna ports in Rel-10 are modulated using QPSK symbols which are obtained from the sequence derived by a pseudo-random generator. The pseudo-random generator is initialized every downlink subframe and currently provides the same sequence for all CSI-RS antenna ports. Considering that the fraction of CSI-RS resource elements within a subframe would be increased for Rel-13 CSI-RS, the potential interference created by such CSI-RS signals may introduce higher interference correlation for PDSCH or CSI-RS transmitted on neighbouring cells. Therefore, CSI-RS scrambling per antenna port should be considered as a potential enhancement for Rel-13 CSI-RS.
Summarizing the discussion above the following proposals are made:

Proposals:
For the design of Rel-13 CSI-RS adopt the following principles:

· Keep the density of CSI-RS in accordance to Rel-10 assumptions, i.e., 1 RE per CSI-RS antenna port per PRB pair 

· Reuse the Rel-10 resource elements for Rel-13 CSI-RS resource with 12 and 16 antenna ports

· For the additional CSI-RS antenna ports, consider TDM multiplexing with the existing CSI-RS antenna ports within the same subframe 
· Signalling of the additional resourceConfig-r13 for CSI-RS-ConfigNZP
· Consider different scrambling initialization for different CSI-RS antenna ports for CSI-RS modulation
3 Summary

In this contribution we provided our preference on the design principles of Rel-13 CSI-RS signals. The following proposals were made:
For the design of Rel-13 CSI-RS adopt the following principles:

· Keep the density of CSI-RS in accordance to Rel-10 assumptions, i.e., 1 RE per CSI-RS antenna port per PRB pair 

· Reuse the Rel-10 resource elements for Rel-13 CSI-RS resource with 12 and 16 antenna ports

· For the additional CSI-RS antenna ports, consider TDM multiplexing with the existing CSI-RS antenna ports within the same subframe 
· Consider signalling of two antennaPortsCount-r13 and resourceConfig-r13 for CSI-RS-ConfigNZP
· Consider different scrambling initialization for different CSI-RS antenna ports for CSI-RS modulation
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